HDCR EFFICIENCIES AND HELPER CONCENTRATIONS
We hypothesized that incorporation of Inosines in place of guanines in Helpers would reduce their competition with the Driver primers and increase efficiency of amplification. The sequences of two such Septin 9 Helpers in which Inosines replaced 5 or 7 guanines respectively are shown in Table S1 . Inosine-containing Helpers were compared to the Helpers described in main paper using the same buffer and reactions conditions except that Helpers were either used at 25 nM or at 200 nM. Reactions also included the DraI control assay. Reactions contained 20 ng of DNA from the colorectal cancer cell line LS174-T (Septin9 gene methylated), 20 ng peripheral blood leukocyte DNA (unmethylated) or mixes of PBL DNA with 0.2% and 0.1% LS174-T DNA.
Figure S2
LS174-T Blood + 0.2% LS174-T Blood + 0.1% LS174-T Blood When the Helpers are used at 25 nM final concentration, the efficiency of both the standard Helpers and Inosine-containing Helpers is similar, with Ct of about 43 for a 20 ng input of methylated DNA ( Figure S2 ). With Helpers at 200 nM the reaction containing standard helpers is completely inhibited (presumably due to inhibition of binding of the driver primer). With 200 nM Inosine-containing primers the HDCR is more efficient and with 20 ng input DNA methylated Septin 9 sequences are amplified within 28 cycles. In mixes containing only 0.1 or 0.2% LS174-T DNA, methylated Septin 9 sequences are readily detected, while there is no signal from unmethylated PBL DNA even at extended cycle numbers. We conclude that the inclusion of several Inosines (replacing Guanosines) allows Helpers to be used at higher concentrations, thus improving the efficiency of the reaction.
The efficiency of HDCR using the Inosine-containing primers was determined using a dilution series of LS174-T DNA pre-mixed with PBL DNA: 20 ng of total DNA with LS174-T comprising 0.2 % to 100% of the total DNA was tested in 10 µL using the 72 tube rotor and a Rotor Gene 3000 ( Figure S3 ). Reactions were overlaid with 20 µL mineral oil. Reaction conditions were as above, with Inosine-containing Helpers at 200 nM. A comparison was made to the same amounts of LS174-T DNA tested in the absence of PBL genomic DNA ( Figure S3 ). The efficiency was 0.61 when using the 1% 10% and 100% mixes; this compares to efficiencies of 0.3 -0.4 for non-Inosine-containing Helpers used at 25 nM.
The entire Rotor Gene run took 216 minutes. However in normal practice far fewer cycles would be conducted. The time to detection of 20 nanograms of LS174-T is predicted by the Rotor Gene software to be 88 minutes. And an entire assay from digestion of the DNA to detection of 0.1 % methylated DNA (40 cycles, 20 picograms of input DNA) is calculated by the software to be just under two hours. This compares favourably with all bisulphite-based methods if the time taken to carry out the bisulphite conversion is taken into account.
The cycling conditions were as for the experiments with LpnPI, except that the initial incubation temperature was lowered to 30°C as recommended for GlaI. 5  10  15  20  25  30  35  40  45  50  Cycles  5  10  15  20  25  30  35  40  45 50 Cycles C HDCR Assays for methylation of GRASP and IRF4 genes HDCR assays were also developed for two other genes GRASP and IRF4 that are methylated in a high proportion of colorectal cancers. In each case the target fragment was flanked by two LpnP1 sites. The target regions are shown in the boxes below and the Helper and probe sequences are shown in Table S2 . The length of the target fragments varied from 38 to 59 bases. The assays described below were developed as single-tube assays where all components for the LpnP1 restriction digestion and HDCR components are added together. A detailed "how to" guide for an example of HDCR design is provided at the end of the Supplementary Information.
Figure S3
IRF4 Region 1 Note that RH1IRF2 lacks a 'T' that is present in other helpers and which we normally insert in order to cover the possibility of a certain amount of non-templated A addition in the target. Leaving out the 'T' was unintentional, but seemed to have little or no effect on the Helper. . The Drivers UDr2H and UDr3H were used at 400 nM, as described in the main paper. Separate reactions were run using pairs of Helpers for each target region; these Inosine-containing Helpers were used at 200nM. All three probes (PrGrLp-FAM, PrIR1Lpn-CALOr560 and PrIR2Lpn CALRed610) were used at 10 nM and were present in all of the reactions. Additionally, reactions are overlaid with 20 µL mineral oil (Sigma M-5904). We have found that had found that running the reactions under a layer of mineral oil gave more consistent results. The easiest approach is to add the mineral oil to all tubes first, and then to spin the reaction mix to the bottom of the tubes.
GRASP
Cycling conditions. Because the initial hybridizing regions to the LpnPI-cut fragments are so short, lower temperatures were used in the early cycles of the HDCR. In particular, we have employed 'temperature fluctuations' to increase the efficiency of the initial 'tagging' of the target molecules. This involves short incubations at 45°C and 72°C, repeated 10 times. The rationale was that if secondary structure sometimes formed in the end of the target molecule before it could hybridize to the Helper at a low temperature then this would prevent it from being tagged. But by heating to 72°C and removing such secondary structure and then re-cooling gave repeated opportunities for the tagging to occur. Cycling conditions and comments are shown in the Table S3 . An alternative approach that would obviate the need for the additional low temperature tagging steps would be to digest with LpnP1 and end-fill the 4 base overhangs (Klenow) prior to addition to the other reaction components and initiation of HDCR. With the longer annealing region, after denaturation and Platinum Taq activation, cycling would begin at the 50°C annealing steps.
TABLE S3
Stage Purpose, Discussion 37°C 10 min Allows digestion by LpnPI. The buffer used for HDCR is quite dissimilar to the buffer recommended by New England Biolabs (NEB4) and so LpnPI probably cuts inefficiently in these conditions. It should be noted that we did not include the 'Enzyme Activator Solution' that is now available from New England Biolabs because, according to their information, this can lead to reduced specificity of the enzyme.
90°C 15 sec Denaturation of target DNA and activation of Platinum Taq Polymerase. This was found to be a sufficiently high temperature in our Rotor Gene for both, but for other hot-start enzymes, or for longer or higher GC-content targets, it may be necessary to use higher temperatures at this step and possibly some of the later steps.
(45°C 10 sec/ 72°C 5 sec) X 10 cycles New stage introduced to improve the initial tagging of the target molecules.
76°C 5s/67°C 20sec
The tagged target needs to be released from the Helper (at 76°C) so that the Driver can bind and extend at 67°C.
90°C 15s Denature
(45°C 10 sec/ 72°C 5 sec) X 10 cycles Second set of temperature fluctuations. Designed to improve the efficiency at which the other end of the target becomes tagged.
(90°C 15 sec/50°C 20sec/76°C 5sec/67°C 20 sec) X 5 cycles
These 5 cycles using a low hybridization temperature are described in the paper and are intended to allow the initial tagging of the target molecules. It may be possible to eliminate this stage from the protocol if tagging occurs efficiently during the 'temperature fluctuations' steps.
(90°C 15 sec/67°C 20sec/76°C 5sec/67°C 20 sec) X 50 cycles
Read fluorescence at 90°C and at the second 67°C step. Because little or no double-stranded DNA will be present at 90°C there is little SYBR Green fluorescence, allowing the use of a FAM probe even in the presence of SYBR Green. The SYBR Green fluorescence allows monitoring of non-specific amplification if present, and analysis of melting behaviour of products.
Separate reactions were set up using either Helpers for GRASP, IRF4-Region 1 or IRF4-Region 2 (three rows in Figure S4 ). For each reaction fluorescence was monitored at 90°C for each of the three gene-specific probes. For triplicate reaction, input was either 10ng CpGenome Universal methylated DNA or 10ng PBL DNA (unmethylated for GRASP and IRF4).
For all three assays there is a positive probe response in the case of 10 nanograms of fully-methylated DNA but no response for 10 nanograms of blood DNA. There is also no signal from the non-target probes, demonstrating the specificity of the amplifications. 
LPNPI -DETAILS OF HDCR DESIGN
This is a step-by-step guide to how HDCR Methylation assays have been designed. For enquiries, contact Keith Rand (keith.rand@csiro.au) LpnPI is from New England Biolabs. It recognizes the sequence CCGG and cuts when the site is methylated. As described below, it cuts outside of its recognition sequence, on both sides.
EXAMPLE: IRF4 CPG ISLAND:
Obtain sequence from http://genome.ucsc.edu/cgibin/hgGateway?hgsid=241991131&clade=mammal&org=Human&db=hg19
Choose an area that encompasses the predicted CpG Island. Mask repeats to lower case. Remove paragraph marks. Use Microsoft Word 'Replace All' (Control-H, or use a Macro) to highlight CCGG sequences. Then highlight CpG sites (yellow highlightnot essential for process).
>hg19_dna range=chr6:390764-394263 5'pad=0 3'pad=0 strand=+ repeatMasking=lower atggggtttcacCgtgttggccaggctggtctCgaactcctgacctcaggCgatccacCgcctCggcctcccaaagtgctgggattacaggcttgagccacagCgcctggccTATTTTGGGCTT  TTATACCCCACTGGTAAACTGCTTTCCTCCAGGTTGAGGTTAAAACGACATCATTTTAAGGTGAACTGAAGTCTGGAAGTGATTAAGCACTTGGATCCTTAGGGAGCCTCTCCCCGCCCCCATC  TCTTTCATGCTAAGATAATTAAAACTTCGGGGCCGGGGCATTGTCTGAGTCACTTCAATTCACCAGCCTAATAGATGCAAAAGGATGTAAGCATGTCAGACACGCAGAGACAGTATTTGAATCA  AGCTTAATAGCTCAAGGGAGCTGGGCCATTTCCTATTTTCTTTTTAGTGAGTGCGATGTTCTCTAAACACCGCGGAGAGGCAGGGTTCCCGGTGATGGCCTTGCCGAGGGTGCTCCCGCAACCT  CCACCTCCAGTTCTCTTTGGACCATTCCTCCGTCTTCCGTTACACGCTCTGCAAAGCGAAGTCCCCTTCGCACCAGATTCCCGCTACTACACGCCCCCCATTTCCCGCCCTGGCCACATCGCTG  CAGTTTAGTGATTGACTGGCCTCCTGAGGTCCTGGCGCAAAGGCGAGATTCGCATTTCGCACCTCGCCCTTCGCGGGAAACGGCCCCAGTGACAGTCCCCGAAGCGGCGCGCGCCCGGCTGGAG  GTGCGCTCTCCGGGCGCGGCGCGCGGAGGGTCGCCAAGGGCGCGGGAACCCCACCCCGGCCGCGGCAGCCCCCAGCCTTCACGCCGGCCCTGAGGCTCgccCgcCCGGCCGGccCCGGcTCTCG  GCTTGCAAAGTCCCTCTccccagtccaacccCCGGcccccacaggcctCggCgcccCgcccCgccccaggcccCgccccagAGAGTTCTATAAAGTTCCTCTTTCCCACCTCGCACTCTCAGTT  TCACCGCTCGATCTTGGGACCCACCGCTGCCCTCAGCTCCGAGTCCAGGGCGAGGTAAGGGCTGGAGTCGGGCAGGAGGAGGGGTGTGAGGCTGATACCAGAGAGGACCCGGAGCGCGAACCAG  AGGTTCGACCTCCAGGGCAGCGCAGGGTACCCCGGCTTCGGAGCGGGAAGGGAGCGCGCCCCGTCCTGGAGCTCCGACTCCCACCCCATCTGCGCTGAGCCGGAGGCGCTGGTTTGGGCTCCAA  GGCCCGCCTCCTTGGCTCTGCCCGAGCCTCCCCGCCTGCCCTCCGCGCTCCTGCGACGGGGTCGCCACAAGCTGGACGGGATGAGCTAACCGGACTGTCGGGGCCCCAGGAGTGGCTGAGGCGG  GGCCGTCCAAGGCACCCACACAAGACGGCACAACTGCCTGCGAGAAACAGGCCCGGCCCTGTGGACCCCAATCCGAGGCTCCTTCCCCTGCTCTTCGTTCCTAAGGGGCCCAAGCTCACGGCGG  CCTCCGGCGCGGTGCTCACCCGCTGGCGCAGGAGGAGGAGGAGCTCCACATTTGGGTCGCTCCGAGCCTTGCGTGCGGTGGCCTAGCCGGCCTGGCGCGGTCCCTGCCTCCCAGGCTCCGCAGC  TGTCGTCGCCCTCTCCCGCGCCCTCCCCGCCTCCGCTCTCCCGGGCCTGCTCCGGGGTCCGGCGGACGCTCTGCGCGCGGAATCCCCCGTACTGGGGCTGCAGCCCCCGCGTCTGCGCCACTTG  TCGTTTGCAGAGCCCACTTAGTGCGCGCTAGCTGGGCAGGGATAGGGGTCCTATTCGGGGCGAAGGGTCTGGATGCGAGCAGAGAAAGCGGAGGGTGGAGGAACCCGGGGCTGCGCCCCTGGAA  CGCCCGGCCGCAGGCGAGGTCCTCCGCGCGTGGAGGCCGCCAGGGGAGTGGAAACTGACAGAGTCGCGGGGAAGGGGCGAGAAGCGGGTTGGGAGTGAGCGAAGGCAAGCGAGAGCTGCGAGTG  AGTGCGGAAGGAGGGCCAGGAGGGGTGGCGGCTGGGTGGGGAGAGAGGGTGCAAGACGAGCGGCGCGTGTCGGGAGCCTTTGGGCTGCGGGTGCGTTACAGGAGAGCAGGCGGGTAGGAGCCTT  CGCGGGGGCCGAGCTCGGAAGGCGGACGGCTGTGCCCGCCCAGGGGATGCGCCCGGGCCGGCCGCGAAGGTGCCTTCTTCCGGGGGCCCGGACGACCCTGACACGGCACGCGCGCGCTTCGCAG  CCTCAAAGACTCCGGGGCCTCGTGGTCACTGGCGCAGGGGATCGGGGCGGGGTGCCCGGAGTGCGGTGCCTCGTGGCTGAAGGGCAGCTCTTCTCCCCGCAGTGCAGAGCAGAGCGGGCGGAGG  ACCCCGGGCGCGGGCGCGGACGGCACGCGGGGCATGAACCTGGAGGGCGGCGGCCGAGGCGGAGAGTTCGGCATGAGCGCGGTGAGCTGCGGCAACGGGAAGCTCCGCCAGTGGCTGATCGACC  AGATCGACAGCGGCAAGTACCCCGGGCTGGTGTGGGAGAACGAGGAGAAGAGCATCTTCCGCATCCCCTGGAAGCACGCGGGCAAGCAGGACTACAACCGCGAGGAGGACGCCGCGCTCTTCAA  GGTCTCCGGCCTCGGGAgCCGGCgggggCgCgCCGGggAGGGCCCAGAGACAGAGCCCGGGGTCCCCGGCGCCGCCTCCGAGGCGAGCCCAGGGGAcCgCgCggggCggaCgggCgggCggCgg  AGGCATCAGGTGGCGTCGCCGGAGCCGCAGGAGGAGGAAAGGAGGCCTCGGCTCTCAGCGGGACCGCGGGGGCCGGGAGCCGGGTCCTGGGCGCGTGGAGGCTGCAGGGAAACCGCTGAAGGCC  CGGCCGGGCCCGGGGAAGGGCGGCCAAAGGCTTGAGGGGTTTTGCGCGTTCGTCCGTGCGTTCTCGTTTCCACGCAAGCCTCCCGCCCTTCCTCCGGGCTCCCGTCTGCCGCCTCCGTCCGTGG  GTCCCCCTCGCCCTCTCCGTGCGTCCGCGCCTGTGCCGGCGGCTGTTTTCGtctctcacCgCgtctctgtttctcttttCgctgcttttctctctgagtctctctctctccatgtttttcctga  ggtcagcctctcttctCgctcctgctagctctctgCgggtactcccacctctgtctttctctttgtgtgtctctgtctctctctttcccccATCGCAGTGGAACTCAGGGCCTCTGTCTAGAGC  TGTCTCCCTTGCCCTTTGCGCGAGTGCACACACGTGTGTCGTTGTTACGATTGTTCTCCCCTAAGGCAGTTTACCCAGAGAACTACGTGTCTGGGCCCAGCCCCCACCTGTGGGCAGAGCAGGG  GAAGGGGACTTCCTCCGGGAATTTGGTCTCAATTTGCTCTCAGAGTGCCTCAGCTGTGCTGCCATCCAGATGTCTCCTGTGGGTGACAGCTCACACCACAGCTGTCCTTAGTCCTAGGCAAGCT  CACTCAGACACTGGGTGGGTAGAGCCCC Choose small target fragments 70-150 bp, bearing in mind that LpnPI cuts outside of its site (10, 14 away) and on both sides of its recognition site (giving 5' overhangs of 4 bases). So the actual fragments will be about 20 bp shorter. To make this easier one can replace all 'CCGG' with Paragraph Mark CCGG to more easily see lengths Will get output like this: Here we use UDr2H, the same Driver that was described for Septin 9 in the main paper. The 'tail' of the Helper is also the same as described in the paper except for the inclusion of some Inosines in place of some of the Guanines, and it is slightly shorter (2 nucleotides removed from the 5' end). Only the hybridizing region which needs to be specific for the new target has to be changed. Note that the Driver is longer than the tail of the Helper. This is because when the Drivers were synthesized we did not know how long the Helper's tail should be. It is likely that a Driver with 5' sequence starting MGMMGT... would work in this system just as well as UDr2H.
Align the tail of the Helper to the Driver sequence and align both with the target sequences. Note that the Helper also has a 'T' to cover the possibility of non-templated addition of an A in the target. Now consider the hybridizing region which has to be complementary to the target.
IRF4 region, complementary to the target sequences: 5' GCCGCCTCCGTCCGTGGGTCCCCC this is 24 long. Reduce to length to be similar to that used in the Septin 9 Helpers that have been shown to work very well (14-16 bases). Here we do not take into account the extra 6 nucleotides that correspond to the 3' Driver sequence and that become part of the hybridizing region during HDCR.
Septin 9 Helpers, hybridizing regions: Then add some 2' O-Methyl residues (shaded, lower case) to the 3' end of the Helper to prevent to render it non-extendable. The 2' O-Methyl residues are usually chosen to be mismatches to the target, although it is not known whether this is necessary. The 3' base is chosen to be a mismatch with the target, but this may also be unnecessary to prevent extension. Other ways to block 3' extension such as using a C3-spacer can be used. The name chosen for this Helper is 'FHIRF4-A' (Forward Helper IRF4 region A).
'Forward'
Original 3' GGAGGCAGGCACCCAGGGGGAGCGGGAGAGGCACGCAG 5' Copied top strand 3' CGGCGGAGGCAGGCACCCAGGGGGAGCGGGAGAGGCACGCAG 5' FHIRF4-A CICCITCCCTCTTTCTACAITGCCICcucCITCCGuaaT 3' UDr2H CCCGTMGMMGTMMMTMuuuMTAMAG >> Note that no strict rules can be made regarding the optimal hybridizing region because different lengths are involved at different stages, and this is reflected in different annealing temperatures being used throughout the HDCR process. Thus:
CcucCITCCGu Hybridizes to the original 3' end that results from LpnPI cleavage, needed to initiate HDCR. GCCICcucCITCCGu Hybridizes to the copied top strand, needed to initiate HDCR (equivalent to filled-in fragment) CTACAITGCCICcucCITCCGu Hybridizes to the prematurely terminated target during HDCR 'REVERSE' Do the same for the 'Reverse' Orientation Note that the preferred Helper tail is slightly shorter than in the corresponding Helper described in the paper, and some of the Guanines have been replaced by Inosines. Align target sequences, Driver and Helper tail:
Original 3' GTGCCTCTCCCGCTCCCCCTGGGTGCCTGCCTCCGCCGTCTGCCCTCGGGCC 5' Copied top strand 3' CTGCGTGCCTCTCCCGCTCCCCCTGGGTGCCTGCCTCCGCCGTCTGCCCTCGGGCC 5' RHIRF4-A CCICCTICTCTTTCATCIAT UDr3H CGCCTMMMGMMTGMT5uuuMATMGA >> Design the hybridizing region to be similar (in terms of length, number of A, T, C, G and I) to that described in the paper for the Septin 9 assay.
Original
3' GTGCCTCTCCCGCTCCCCCTGGGTGCCTGCCTCCGCCGTCTGCCCTCGGGCC 5' Copied top strand 3' CTGCGTGCCTCTCCCGCTCCCCCTGGGTGCCTGCCTCCGCCGTCTGCCCTCGGGCC 5' RHIRF4-A CCICCTICTCTTTCATCIATGACGCacgGAIAIGuuuT 3' UDr3H CGCCTMMMGMMTGMT5uuuMATMGA >> Finally, align all of the sequences in order to help in defining a suitable probe region:
In the examples shown here we have obtained probes from Biosearch (Novato CA USA). They provide a probe design program on their site. Biosearch http://www.biosearchtech.com/ProbeITy/design/inputsequences.aspx It is necessary to register at this site. Follow guidelines for design of probe. If only a short region is available then choose 'BHQ Plus' probe. The usual rules for hydrolysis probes are followed such as preferring the strand with fewer G's, and avoiding G at the 5' end. Paste sequence into box Click on 'Express: qPCR -BHQ Plus Probe' and then Check the small box 'Include Exclude Oligos' and click 'Next'. Paste proposed probe sequence into the 'Probe' box. You probably will have to choose 'least restrictive' under 'Parameter Set' We usually start with a sequence that by eye looks to give too high a Tm, and then start deleting nucleotides until the program predicts a suitable Tm such as 70°C.
